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Determination of Phosphorus in the Aqueous Environment 

2 Gales, Morris E., Jr., Jullan, Elmo c., 
and Kroner, Robert C., Method for 
Quanhtatlve Oeterrmnation of Total 
Phosphorus 1n Water. JAWWA 58: 
(10) 1363. October 1966. 

3 Lee, C. Fred, Clescerl, Nicholas L. and 
Fttzgerald, George P., Studies on the 
Analys1s of Phosphates tn Algal Cultures. 
Int. J. Air & Water Poll. 9:715. 1965. 

4 Barth, E. F. and Sal otto, V. V., 
Procedure for Total .Phosphorus 
in Sewage and Sludge , Unpubllshed 
Memo,· Cmcmnati Water Research 
Laboratory, FWQA. Apnl 1966 
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5 Moss, H. V., (Chalrman, AASCP 
Comm1ttee) Determtnahon of Ortho 
Phosphate, Hydrolyzable Phosphate 
and Total Phosphate in Surface Water. 
JAWWA 56:1563. December 1958. 

6 Methods for Chemical Analysis of Water 
& Wastes, EPA-AQCL, 1971. 

Thts outline was prepared by Audrey E. 
Donahue, Chemist, National Training Center, 
OTTB, MDS, WPQ EPA, Cincinnati. 
OH 45268. 
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Project Summary 

Enzyme Addition to the 
Anaerobic Digestion of 
Municipal Wastewater 
Primary Sludge 

Gregory M. Higgins and Joseph T. Swartzbaugh 

This study was conducted to evaluate 
the effects of adding en~tymes to a munic
Ipal wastewater IMWW) sludge anaerobic 
digester. Tho primary objective was to 
examine the impact of using enzymes to 
enhance the degradation of the cellulosic 
and the oll- and greaee-rich sludge free
tiona. This project was conducted under 
a cooperative agreement to the City of 
Xenia, Ohio, with subcontrecting to 
Systech Corporation, Xenia, Ohio. 

This Project Summ~~ry was dsvsloped 
by EPA's W.ter Eng/THJsrlng ReHsrch 
Lsborstory, Cinclnnsti OH, to snnounce 
the msjor msults of • piOject thst is 
documfmtsd In s sepsrete mport of the 
Sllfmt thle IsH P10jiH:t Rtlpol't ordsrlng 
lnformetlon on the bttck page). 

Introduction 
One of the most commonly employed 

treatment methods for municipal waste
water (MWW} solids is anaerobic digestion 
followed by one of a number of ultimate 
disposal options. This process is particu
larly advantageous in that it produces a 
sludge suitable for land application, effi
ciently reduces pathogenic organisms, 
produces a potentially useful by-product 
fuel gas, and is generally accompanied by 
low operating costs. Despite these advan
tages, currently used anaerobic digestion 
technology has several operational and 
technical limitations. One of the most 
significant of these is the level of volume 
teduction achieved. Although anaerobic 
digestion reduce:; sludge volume and 
mass. the constantly growing cost and 
number of federal and state regulations 
governing the disposal of MWW sludges 

requires that current technology be opti
mized to produce the smallest amounts of 
sludge possible. 

The objective of this program was to 
evaluate the application of enzyme aug
mentation to current MWW anaerobic 
digestion practices. This concept was 
viewed as a method to enhance the sludge 
volume reduction and fuel gas production: 
Although commercial enzyme augmenta
tion products are available for use in MWW 
treatment systems, an extensive search of 
the relevant experimental literature con
ducted during this project indicated very 
few useful data regarding their use. 

Cellulase Enzyme Addition 
The application of cellulase enzymes to 

enhance the anaerobic digestion of cello· 
losic component of MWW sludge was 
evaluated in a series of laboratory-scale 
studies. Three modes of applying the en
zymes were examined - as a pretreat
ment, post-treatment, and simultaneous 
treatment option with respect to anaerobic 
digeetion. The pretreatment option incor
porated a two-phase digestion process 
and was by far the most technically suc
cessful of the options examined. However, 
the advantages of this option were largely 
due to the two-phase process used to 
accommodate the pH requirements of the 
enzyme rather than to the enzyme addi
tions. Compared with a single-phase di
gestion system. increases of 45 and 44 
percent were observed for total solids 
reduction and methane production as a 
result of the two-phase digestion process 
alone. Addition of enzyme to the two-



phase system further increased solids 
reduction and methane production to 60 
and 66 percent. 

Experimental data scaled to the slze of 
the Xenia facility were compared with 
tYPical operations at a 15-day hydraulic· 
retention-time, single-phase digester sys
tem modeled on the Xenia facility. Results 
indicated that a net yearly savings of 
$11,133, equivalent to a 7-mo payback 
period for additional equipment, could be 
achieved by using the two-phase digestion 
process without enzyme addition. To ac
complish this result, the facility would 
need a minimal increase in tankage capac· 
ity. Based on the current cost of commer
cially available enzyme, an additional 
yearly savings of $1,525 would result from 
adding enzyme to the two-phase system. 
ihis savings could increase if enzyme 
costs could be reduced. 

Lipase Enzyme Addition 
The use of lipase enzymes to increase 

the rate of decomposition oi the oi\ an 
grease component of MWW sludge soli 
was evaluated in a similar series ot lab 
tory experiments conducted with d. ct 
enzyme addition to a single-phase er
obic digestion system operated at a -day 
hydraulic retention time. Compar with 
control conditions, increases of and 4 
percent were observed for to solids 
reduction and methane produ ion as a 
result of lipase enzyme additio Based on 
current enzyme costs, a net y rly savings 
of $701 would result fro the use of 
lipase enzymes. No addi nal tankage 
capacity would be requir for this pro· 
cess. Further increases uld potentially 
be achieved by operati the system at a 
longer retention time. 

Conclusions 
The overall results of the project show 

little advantage for enzyme addition to 
anaerobic digestion. The major improve
ments sean were due to the staging of the 
digestion process, which was done in 
order to accommodate the pH require
ments of the cellulase enzyme. The con
clusions are, therefore. as follows: 

(1) Two-phase digestion used to accom
modate cellulase addition in this 
study shows promise for increasing 
the efficiency for anaerobic diges
tion. 

(21 The addition of cellulase enzyn 
shows a moderate improvement< 
the two-phase digestion procl 
without enzyme adartion. 

(3) The addition of lipase enzyme un. 
the condition studied shows onl 
minimal improvement in anaero 
digestion. 

The full report was submitted in fulf 
ment of Cooperative Agreement No. 1 
810279 by the City of Xenia, Ohio, un< 
the sponsorship of the U.S. Envlronmt 
tal Protection Agency. 

Gregory M. Higgins and Joseph T. Swartzbaugh ttre with SYSTECH Corporation 
Xenia, OH 45385 ·9354 (J. T. Swartzbaugh is presently with PEER Consultants, 
Inc., Dayton, OH}. 

B. Vincent Sa/otto was the EPA Project Officer {see below for present contact). 
The complete report, entitled "Enzyme Addition to the Anaerobic DigBstion of 

Municipal Wastewater Primary Sludge," {Order No. PB 87-101 788/AS: Cost: 
$16.95, subject to changtt) will be availablfl only from: 

National Technical Information Servictt 
5285 Port Royal Road 
Springfield, VA 22161 
Telephone: 703-487-4650 

For further information, H•rry E. Bostian. can btl confected at: 
Water Engineering Research Laboratory 
U.S. Environmental Protttction Agency 
Cincinnati, OH 45268 
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JOB DESCRIPTION 

SRAPHICS T£CMNJCJAN 
CLERIC 
SECREtARY 
CLERK TYPIST 
SECRETARY 
PHYSICAl SCIEHCE TECHNICIAN 
JNFOR"ATlON CLERK 
CLERK TYPIST 
tO"PUTER DATA TECHNICIAN 
VISUAl ARTS SPECIAliST 
CLERk 
CLERK TYPISt 
CLERk TYPIST 
SECRETARY/BACKUP DATA ENTRY 
PHYSICAl SCIENCE TECHNICIAN 
CLER~-TVPIST 
CLERK TYPIST 
CLERK-TYPlSl 
CHEIUSl 
SECRETARY 
PUBLIC AFFAIRS ClERK 

RK 
Cl 
CLERK 
SECRETARY 
CLERK TYPIST 
CLERK TYPISt 
KJCR08JVl061CAL ASSOCJAT 
STATISTICAL AIDE 
KICROBlOLOGlST LAB TECHNICIAH 
SECRETARY 
SECRETARY 
ClERK lYPlSl 
"ItROBI~L061CAl ASSOCIATE 

CLOSIIfG JOB 
PROJECT NO. lEVEl 

52037370 (l-3) 
52037370 (l. -2) 
52037371 (l-2) 
52037372 ( ) 

52037372 ( ) 

52037374 (l-lt 
52123002 (l-2) 
521230~3 (L-21 
52123003 (L-4) 

521230G3 ll·4) 
52123003 (L-2l 
52123003 IL-2) 
52123003 (L-2) 
52123003 (l -2) 
52123003 (L-3t 
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52123003 (L-2) 
52123003 (l-2) 
52123003 (l-4) 
52123003 {l-2) 
52123003 
52123003 (l-2) 
52123004 tl-2) 
52J2300S (L~2) 

52123005 (l-2) 
52123005 (L-2) 
~2123005 (L-2) 
52123005 (L-3) 

123005 (1..-3) 
5 05 (l-4) 
521230 (L-2) 
52123005 -2) 
52123005 (L-
5212300, {l-3) 
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AWARDS 

'Bronze Medals 

• For outstanding pioneering effort to develop 
universally accepted, extremely useful measures of 
water quality, namely, total organic halide. Ronald 
C. DreS&man-RREL 

• For distinguished service in promoting the 
development and commercialization of innovative 
envirorunental technologies through the President's 
Nationn.l Technology Initiative. Annette 
Gatchett-RREL 

' 
• For remarkable achievement ln the Byers 

Warehouse T/ Sllvex removal action. DonaJ.d 
Ob~rac:ker and Joyce Perdek-RREL 

• For exemplary performance in completing an 
Agency goal of establishlng New Source 
Performance Standards and emission guidelines to 
control toxic air emissions from municipal waste 
combustors. Theodore G. Bma and James D. 
Kilgroe-A'EERL 

• For exhibiting a high degree of initiative and 
original thought in successfully issuing the Section 
507 Small Business Assistance Guidelines. Charles 
H. Darvin-AEERL 

Scientific and Technological Achievement Award.e 
(STAA) 

• Modeling Inactivation in GiJzrdiJz lamblia. Robert M. 
Clark-RREL 

• Mouse-A Computerized Uncertainty Analysis 
System. Albert J. Klee-RREL 

• Evaluating the Costs of Packed-Tower Aeration and 
GAC for Controlling Selected Organics. Jeffrey Q. 
Adams, Robert M. Clark-RREL 

• Evaluation of BAT for VOCs in Drinking Water. 
Jeffrey Q. Adams, Robert M. Clark-RREL 

• Recovery of 3-Chloro-4(dichloromethyl)..S-hydroxy-
2(5H)·furanone from Water Samples on XAD Resins 
and the Effect of Chlorine on Its Mutagenidty. 
I<athleen M. Schenck, John R. Meier, H. Paul 
Ringhand, and Frederick C. Kopfler-RREL 

52 

• The Interaction of Vapor Phase Organic Compounds 
with Indoor Sinks. Bruce A Tichenor and LeSlie 
Sparks-AEERL 

• Min;imization of Transient Emissions from Rotary 
Kiln Incinerators. Paul Lemieux and William 
Unak-AEERL 

Honorable Mention-STAA Award.s 

• Reduction in Bacterial Densities of Wa.Stewater 
Solids by Three Secondary Treatment Processes. 
Joseph B. Farrell, B. Vinamt Salotto, Albert D. 
Venosa-RREL 

• Characterizing Surface Waters that May not Require 
Filtration. Edwin E. Geldreich, James A. Goodrich, 
Robert M C!ark-RREL 

• Concerns with Using Ch.ll.,.~lllill. 

in the USA. Benjamin 
Goodrich, John C. Hoff-.,..1\.0'~ 

EPA Science AclUevement Award 

• For significant research into under 
mechanisms of formation and preY ·on of chlori
nated dioxins and fwans in waste co 
systems. Brian K Gullett.--AEERL 

Administrator's Award for Excellence 

• Patricia E. Sharpe-AEBRL 

Special Award 

• ORD's BCD Process Wins R~D Magazine's R&:D 100 
Award. Each year R&D Magazine selects the 100 . 
most technologically significant products of that 
year and awards to the developers the prestigious 
"R&D 100 Award." One winning product was 
ORO's "Base-Catalyzed Decomposition (BCD) 
Process," a novel method for dechlorinating 
hazardous chlorinated wastes. The three 
researchers who developed this process were 
hono.red in September 1992 in Chicago's Museum of 
Science and Industry. Charles Rogers, Albert 
Komel, Harold Sparks---RREL 



UNITFD STATES ENVIRONMil;NTAL PltOTECTION AGENCY 
WASHINGTON D.C. 20460 

BPA-sAB-RSAC-92..019 

Honorable William K. Reilly 
Administrator 
U.S. Environmental Protection Agency 
401 M. Street~ S.W. , 
WashingtOn, D.C. 20460 

RE: SAB Award Recommendatio~s for the 1991 Scientific and Technological 
Acblevement Awards Propm 

Dear Mr. Reilly: 

The Science Advisory Board's 1991 Scientific and Technological Achievement 
Awards (SIAA) Subcommittee bas completed its review of the 114 papers nominated by the 
Agency for this year's awards program. As you are aware, the ST AA program is sponsored 
by the Office of Research and Development, which has made $ubstantial improvements in the 
collection and distribution of these nominations. OUr IeCOmmcndations for awards and 
further improvements in the STAA propam are discussed in the attached IepOrt. 

The Subcommittee believes the STAA program contribute$ very positively towards 
strengthening the level of Agency scientific and technical expertise by recognizing 
researchers for their special achievements and the good ~epee their ~ch reflects. 
Therefore~ we urgo that the program receive support from the highest levels of Agency 
management and that the winners receive broad recognition both inside and outside tlte 
Agency. EPA should initiate press releases and ~ Journal featuxe articles profiling the 
achievements of the award recipients. · 

We are pleased to have participated in this p.rocas and believe it is appropriate for 
the Board to continue this annual review function. The Subcommittee also recommends tho 
Agency establish a minimum cash award of five hundred dollars ($500.()0) fot all eligible 
award recipients, regardless of the level of the award or tbe number of EPA authors. 
Further, the Subcommittee recommends that EPA es®Jish a separate award for sustained 
and outstanding scientific publi~tions by its senior scientists and that EPA add a category to 
the ST AA for technical accomplisbments in the field of risk management and policy 
fonnulati.on. 



Unl*' $tatN Baence Advleory 9A..SAB-RSAC·92.019 
A EA·A &!vironmental Bonrd tA•101J Apri1 1992 

0 ~ h~~~~~~~Ae~~GT--~--------------
AN SAB REPORT: 0 

RECOMMENDATIONS ON 
THE 1991 EPA STAA 
NOMINATIONS 0 

PREPARED BY THE SCIENTIFIC AND 
TECHNOLOGICAL ACHIEVEMENT 
AWARDS SUBCOMMITTEE OF THE 
RESEARCH STRATEGIES ADVISORY 
COMMITTEE 



1'9116 

"Identification of Volatile Hydrocarbons as Mobile Source Tracers for Fine-Particulate 
Organics" . 

Journal: 
Environmental Science and Technology 
Volume 24, Number 4~ Pages $38-542, April 1990. 

Sllbmitting Office/Laboratory: 
Atmospheric Research & Exposure As~ment laboratory 

EPA Author(s): 
R.oy B. Z'!Veidinget 
Robert K. Stevens 
Charles w. Lewis 

. Non-EPA Autho:r(s): 
Hal Westburg · 

3.2 Honorable. Mention 

The Subcommittee identified thirteen papers which did not reach award level but which 
d.eselve honorable mention tor tbelt quality and quantity of work. In se\'etal cases, these papers 
should form the foundation for signi&ant !\$te accomplishments that may merit awards. The 
SUbcommittee hopes that these authors will be recogni:t:ed appropriately for their high quality of 
work. 

Honorable Mention 

C9104 

•Reduction in Bactetial Densitid of Wastewater Solids by Three Secondary Treatment 
Processes" 

Journal: 
Research Journal of the Wat~:r. Pollution Control Federation 
Volume 62, Number 2, Pqes 178-184. March/Apri11990. 

Submitting Offioe/Labo.mtory: 
Risk Reduction Engineering Laboratory 

EPA Author(s): 
Joseph B. Fmell ~ 
B.V~m&U~ ""~;:---.-.._._._._._._._._._._._._._.__ Albert D. Venosa -


